Independent risk factors for ihd and chf in css were identified. The risk stratification schema presented here may be helpful in developing a risk-based approach to preventive cardiovascular strategies for css.
inTRoDuCTion
The incidence of cancer increases with advancing age. For example, more than 60% of patients are more than 65 years of age at the time of their initial cancer diagnosis 1 . Recent diagnostic and therapeutic advances in oncology, coupled with the increased life expectancy of the general population, indicate that the number of elderly cancer survivors (css) will continue to grow 2, 3 . Importantly, the comorbidity burden in this aging group of survivors is high, which can pose significant challenges to treatment. Cancer survivors are more likely to develop second malignancies and other medical conditions such as cardiovascular disease (cvd) and diabetes mellitus [2] [3] [4] , partly because of their age, but also because of late effects from prior cancer therapies. These associations are concerning, because comorbidities can worsen long-term outcomes in css, independent of the stage of their primary disease and the type of prior treatment 5 .
Cardiovascular disease is a particularly important cause of morbidity and mortality in the elderly population. Because of similarities in risk factors for cvd and some cancers, the same individual may harbour both conditions, either concurrently or sequentially. Anticancer therapies can result in significant heart problems, and cvd may exacerbate cancer symptoms, limit the available diagnostic and therapeutic options for cancer, and worsen overall
ABsTRACT

Objectives
Data on how to identify cancer survivors (css) at the greatest risk for cardiovascular conditions are limited. We aimed to characterize the clinical factors associated with ischemic heart disease (ihd) and congestive heart failure (chf) in css and to develop a stratification schema for predicting the risk of cardiovascular comorbidities in css.
Methods
Cancer survivors and non-cancer controls (nccs) were identified from the U.S. National Health and Nutrition Examination Survey. Independent factors associated with increased relative risk (rr) for cardiovascular conditions were determined. A risk stratification schema was devised that correlated risk score with the prevalence of cardiovascular comorbidities in cs.
Results
Baseline characteristics were similar for the 1869 css and 24,337 nccs included in the study. Compared with nccs, css were more likely to report ihd (13.7% vs. 5.2%), chf (7.9% vs. 2.1%), or both (4.2% vs. 1.2%; all p < 0.01). Based on multivariate analyses, risk factors for cardiovascular problems included ages 40-60 years (rr: 3.66; 95% ci: 1.87 to 7.17), 60-80 years (rr: 14.18; 95% ci: 7.65 to 26.30), and 80 years or older (rr: 25.34; 95% ci: 13.16 to 48.78); male sex (rr: 2.25; 95% ci: 1.72 to 2.94); U.S. citizenship (rr: 2.10; 95% ci: 1.08 to 4.08); annual incomes of $20,000-$45,000 (rr: 1.81; 95% ci: 1.21 to 2.70) and less than $20,000 (rr: 3.05; 95% ci: 1.81 to 5.14); comorbid diabetes mellitus (rr: 2.97; 95% ci: 2.05 to 4.32); and physical inactivity (rr: 1.98; 95% ci: 1.41 to 2.79).
prognosis. The use of cardiovascular medications in cancer patients who are undergoing active anticancer therapies (for example, hormonal treatment) can also lead to polypharmacy, which can increase the risk of nonadherence, the cost of treatment, and the potential for drug interactions 6, 7 .
Cardiovascular risk factors have been reported to be highly prevalent among breast 8 , testicular 9 , and prostate 10 cancer patients. Yet, despite those observations, few guidelines are available on how to best manage css with significant cardiovascular morbidities. Data on ways to identify css who are at the greatest risk and who may benefit most from preventive measures are also limited 11 . Expert panels have highlighted the need for research aimed at identifying css at risk for cvd and have underscored the importance of optimizing screening and treatment strategies in this vulnerable population 11 . The goals of the present study were therefore to characterize the clinical risk factors associated with ischemic heart disease (ihd) and congestive heart failure (chf) in css, and to develop a simple stratification schema for predicting the risk of cardiovascular morbidities in css.
METHoDs
Description of the Data Source
Our study used the U.S. National Health and Nutrition Examination Survey (nhanes [2002] [2003] [2004] [2005] [2006] [2007] [2008] to examine the prevalence of cvd among css. A cross-sectional nationally representative survey, the nhanes is conducted biennially in the homes of participants in conjunction with well-equipped mobile medical centres designed to assess the health and nutrition status of adults in the United States. The survey consists of an in-person interview component that collects self-reported demographics, general health, and socioeconomic and dietary status, and a clinical component that collects medical, physiologic, and laboratory measurements taken by trained professionals. The nhanes has been approved by the National Center for Health Statistics, with informed consent from all participants. The cohort was limited to participants 18-85 years of age at the time of the study.
Identification of CSs and Non-Cancer Control Subjects
Respondents who reported ever having cancer (excluding non-melanoma skin cancer) in the questionnaire were classified as css. They were compared with non-cancer control subjects (nccs) who denied any history of a prior or current cancer diagnosis. The css were further categorized by duration of survivorship-5 years or less (short-term survivors) or more than 5 years (long-term survivors)-based on the interval between their age at the time of survey completion and their age at the time of diagnosis. For individuals with a history of multiple malignancies, age at first cancer diagnosis was used. Cancers were grouped into broad categories based on anatomic site.
Definition of CVD
The nhanes participants are specifically asked if they have ever been informed by a physician or a health professional that they have certain medical conditions such as heart disease. Respondents who indicated having any one or more of chf, coronary artery disease (cad), heart attack, or angina at any point in the past were considered to have cvd for purposes of the present study. In particular, those who reported angina, heart attack, or cad were further defined as having ihd and were subsequently compared with the subjects having chf.
Description of Covariates
All available demographic features, socioeconomic characteristics, and health statuses used to describe the css at the time of the survey were compared with those of the nccs. Specifically, participant demographics included age, sex, place of birth, citizenship, race, and marital status. Age was grouped into four categories (<40, 40-60, 60-80, and >80 years). Race was grouped into white and non-white, and marital status was categorized into four groups (married or living with partner, divorced or separated, never married, and widowed). Socioeconomic status was estimated by self-reported levels of education (less than high school, high school, and postsecondary) and household income (categorized as <$20,000, $20,000-$45,000, $45,000-$75,000, and >$75,000).
To estimate the health status of the css, we used physical activity, body mass index (bmi), and presence of diabetes mellitus. Self-reported history of diabetes was included because this condition correlates with cardiac health and represents a long-term morbidity. Participants who reported being told by a health care professional to increase their physical activity were identified to be physically inactive. Body mass index was categorized into four groups: underweight (≤18.5), normal weight (18.5-25) , overweight (25) (26) (27) (28) (29) , and obese (≥30).
Statistical Considerations
All statistical analyses were performed using the Stata software application (version 11.0: StataCorp LP, College Station, TX, U.S.A.). For the results to accurately reflect the non-institutionalized American population, appropriate survey weighting algorithms provided by nhanes were applied to all univariate and multivariate regression models to account for sampling errors, nonresponses, and the overall complex survey design. Trends and risk factors reported in this study are therefore statistically representative of the U.S. population.
Characteristics are reported as weighted proportions for categorical variables and as weighted means for continuous variables. The chi-square test was used as a determiner of significance in univariate analyses. Univariate and multivariate regression models were constructed using odds ratios (ors) and 95% confidence intervals (cis) to identify characteristics of css associated with an elevated relative risk for cvd, ihd, and chf. All estimates are adjusted for css compared with nccs, meaning that all of the reported relative risks (rrs) take into account the case and control groups. A p value of 0.05 was used in all comparisons to evaluate for statistical significance. The Wald test was used in the regression models to derive global p values.
Development of the Risk Stratification Schema
A simple risk stratification schema was devised to estimate the prevalence of cvd, ihd, and chf. Based on the multivariate logistic regression models, we identified demographic characteristics and clinical parameters that were independently correlated with an elevated rr for each of the cardiovascular outcomes. Based on the weight of the rr, points were assigned to every significant risk factor identified. Factors with rrs of 1-2, 2-3, and more than 3 were assigned point values of 1, 2, and 3 respectively ( Table i) . People in our study cohort were then assigned a composite risk score by summing the points from their clinical profile. We subsequently tabulated the relationships between the various composite scores and the prevalences of cvd, ihd, and chf among css and nccs.
REsulTs
Cohort Characteristics
Of the 26,206 total participants, 1869 were css (761 identified as being ≤5 years from diagnosis, 1090 identified as being >5 years from diagnosis), and 24,337 were nccs. In the overall cohort, mean age was 45.0 ± 17.4 years, and 48.1% were men. As outlined in Table ii , both groups of css contained a greater proportion of women, white people, and U.S. citizens than did the group of nccs. In addition, the css tended to be more highly educated, to have lower incomes, and to be less physically active. Furthermore, both cs groups were more likely to report all comorbidities, including ihd, chf, and diabetes mellitus. 
Cardiovascular Risk Factors
The univariate models presented in Table iv demonstrate an increased rr for cvd, ihd, and chf in both cs groups compared with the ncc group. Once adjustments were made for strongly significant variables in the multivariate regressions ( 
Risk Stratification
Table vi tabulates the frequency of cvd, ihd, and chf among css and nccs based on their various risk scores. The prevalence of cvd, ihd, and chf was consistently higher in both cs groups than in the ncc group, except for short-term css with the highest risk scores (9 or more). For instance, css with risk scores of 6 or less, 7-8, and 9 or more had, respectively, an 8.0%, 23.8%, and 35.0% chance of reporting cvd compared with a 2.6%, 15.6%, and 31.4% chance for nccs (Figure 1 ). In general, ihd and chf followed a similar trend, but the absolute prevalence of chf was lower than that for ihd in both css and nccs. The risk of ihd (6.3%, 20.7%, and 28.3% for risk scores of ≤6, 7-8, and ≥9 respectively) and chf (2.8%, 10.1%, and 17.0% for risk scores of ≤6, 7-8, and ≥9 respectively) were significantly higher for css than for nccs. When the cs group was categorized into short-and longterm survivors, the prevalences of cvd, ihd, and chf for risk scores of 6 or less and of 7-8 were higher for short-term than for long-term css; however, compared with nccs, both cs groups had higher prevalences. At the highest risk scores (9 or more), short-term css had a lower prevalence of cvd, ihd and chf than did long-term css and nccs. For example, short-term css with risk scores of 6 or less, 7-8, and 9 or more had, respectively, a 9.2%, 26.3%, and 29.5% chance of reporting cvd, which compared with 7.1%, 22.1%, and 38.7% for long-term css and with 2.6%, 15.6%, and 31.4% for nccs in the same risk categories.
DisCussion AnD ConClusions
With the number of css increasing and the prognosis of many types of cancers improving, the screening, prevention, and treatment of cvd in css has become an essential component of comprehensive cancer care. Our results indicate that, across risk score categories, the prevalence of cvd is generally higher in both short-and long-term css than in nccs. Several aspects of survivorship may account for our observations. Foremost, the cardiotoxic and antiangiogenic effects of commonly used systemic therapies and radiation schedules can contribute to new cvd and exacerbate cardiac symptoms in patients with a pre-existing history of cvd 1,11-13 . In css, cvd mortality has been shown to increase by a factor of 8 compared with that seen in nccs, even 25 years after completion of anticancer treatment 12 . Our results further identified advanced age, male sex, physical inactivity, comorbid diabetes mellitus, low socioeconomic status, and U.S. citizenship as significant independent risk factors for cvd in css ( Table v) . Many of those variables are consistent with well-established risk factors for cvd in nccs [14] [15] [16] [17] .
As in the present study, Fiscella et al. 14 also observed that low socioeconomic status was a risk factor for cvd, reporting a relative risk of 1.5 for subjects with an education level of grade 12 or less. Lack of awareness and knowledge about cardiac health, suboptimal access to preventive care, and prohibitive diagnostic and treatment-related costs may explain the increased prevalence in this subset of the population. Notably, subgroup analyses in clinical trials indicate that, compared with their high socioeconomic status counterparts, subjects with low socioeconomic status benefit equally from interventional and possibly from preventive measures 14 , underscoring the need to offer adequate management to this group of css for whom non-cancer follow-up may be particularly poor [18] [19] [20] . Our results also suggest that U.S. citizenship is associated with a doubling of the risk for ihd (2.16) and cvd (2.10). That observation is noteworthy and might potentially be explained by the Western diet and sedentary lifestyle, which have contributed to a dramatic increase in obesity rates in the United States 15 . The prevalence of cvd increased for both shortand long-term css as well as for nccs with increasing risk scores (Table vi) , albeit more prominently for css. Interestingly, at the highest risk score, a higher prevalence of cvd was seen for nccs than for short-term css. A possible explanation is that, in very high-risk individuals, a cancer diagnosis and potential toxicities from anticancer treatments may prove insignificant when the baseline risk profile for cvd is already quite substantial. In addition, although citizenship and physical activity were risk factors for cvd and ihd, they were not identified to be risk factors for chf. Because chf affected only a small number of the css in our cohort, the study may have been underpowered to detect additional risk factors for this particular cardiac outcome. Furthermore, our definition for ihd was more inclusive (encompassing, for example, cad, heart attack, and angina) than that for chf, which may have preferentially enhanced the study's sensitivity to identify more risk factors for ihd.
An interesting finding is that, in some instances, the prevalence of cvd among long-term css appears lower than that among short-term css. That observation might be a result of selection bias among the survey respondents, whereby css who lived beyond 5 years were invariably healthier (for example, they had better lifestyle behaviours), which in and of itself might have contributed to their long survival. In contrast, css who lived for fewer years might have been less healthy. Specifically, some of these individuals might have had significant comorbidities-such as cvd-that would have contributed to their shorter survival and inability to complete the survey more than 5 years after their cancer diagnosis.
In contrast to earlier studies that explored cvd in css from smaller populations or single institutions, the large sample size in this study allows our results to be representative of the U.S. population. Enright et al. 21 reported a related study on the control of cardiovascular risk factors in adult css. They concluded that, despite the comparable frequencies of cvd risk factors among css and nccs, the overall cvd prevalence was suboptimal in both groups. A distinguishing feature of the present study is that we internally validated our proposed risk factors by developing a stratification schema that showed a positive correlation between cvd and risk scores. We also included non-modifiable risk factors, whereas Enright et al. 21 explored only modifiable risk factors that were previously established for the general population by the American Heart Association and American College of Cardiology 22 . Even though variables such as age, sex, socioeconomic status, and citizenship cannot be modified per se, their identification as risk factors for cvd in css can prompt physicians to select patient subgroups for whom preventive measures should be emphasized.
There are several limitations to this study. First, although we analyzed surveys across several calendar years, each questionnaire was cross-sectional and sampled a different respondent. We were therefore unable to characterize the longitudinal patterns of cardiac risk for individual subjects. Second, although we captured css with a variety of cancer diagnoses, the absolute number of respondents with specific cancers was small. We were therefore unable to analyze cardiac risk factors based on the anatomic site of the cancer. Third, considering that the nhanes was designed for the general U.S. population, detailed cancer-specific data were lacking-for example, information concerning the type and dose of chemotherapy and radiation treatment received, which can certainly modify cardiac risks. Fourth, as in other retrospective analyses of cross-sectional survey data, our report may have been partially subject to confounding factors. Specifically, the difference in rr for cvd observed in univariate analysis between css and nccs may be partly attributable to incidental diagnoses of concurrent cvd in patients seeking medical attention for cancer, or vice versa. Finally, our analyses were subject to the recall bias and misclassification error that are common to most survey studies.
Despite the foregoing limitations, the riskfactor stratification schema of this preliminary study can potentially lead to a useful clinical tool for identifying css at high risk for cvd, allowing primary physicians, cardiologists, and oncologists to streamline preventive efforts. However, before the risk stratification model can be used clinically, it needs to be prospectively validated. Specifically, additional confirmatory studies are required to ensure that the prevalence reported by our model is accurate ("calibration") and that our stratification schema can reliably discern css at low and high risk of cvd ("discrimination") 23 . Similar attempts to design a prediction algorithm akin to our simple risk stratification schema have been made in the past. Among the most recognized is an investigation by Wilson et al. 24 that used data from the Framingham heart study to devise an algorithm predicting the risk of cad. That algorithm has been shown to adequately discriminate short-term risk for cad in men and women, but it was unable to identify subjects with low short-term and high lifetime risk for cad 25 . Moreover, it was not designed for use among css.
Studies investigating the frequency of cvd in css provide valuable insight into some of the long-term medical issues facing css, thus ensuring that gains from recent cancer advances are not lost because of poor non-cancer care. Our findings highlight the need for more aggressive screening and preventive measures for cvd among css, especially those with higher risk scores. Our results further suggest the need for closer collaboration between cardiologists and oncologists to devise guidelines for managing the cardiac health of css. The close rapport that frequently develops between patients and cancer specialists during and after cancer treatments may provide a valuable opportunity for optimizing the 
